What Is Risk Stratification and Why and How Should We Use It for Thyroid Nodules?
=================================================================================

Risk stratification is the assessment of a patient's health risk status, usually using a score. This assessment assists the physician and care team in recommending appropriate care services \[[@b1-usg-15027]\]. Until the 1980s, palpation alone was used for thyroid nodule detection. The advent of ultrasonography (US) triggered an apparent epidemic of nodules. Although approximately 5% of the general population has a palpable thyroid nodule \[[@b2-usg-15027]\], the rate increases to 67% with the use of US \[[@b3-usg-15027]\]. Thus, there has been a rise in the number of fine-needle aspiration biopsies (FNAs), which doubled between 2006 and 2011 in the United States, and the number of thyroid surgical operations has increased by 31% \[[@b4-usg-15027]\].

Among thyroid nodules, 5%-6% are believed to be carcinomas, representing 62,980 newly diagnosed cases in the United States in 2014 and 3.8% of all new cancer cases. Despite these figures, the prognosis remains excellent with an estimate of 1,890 related deaths (i.e., 0.3% of all cancer deaths) \[[@b5-usg-15027]\]. In France in 2012, newly discovered thyroid cancers represented 8,211 cases among a population of 66 million and were the fifth most frequent cancer in women \[[@b6-usg-15027]\]. Therefore, it has become mandatory to develop a tool to differentiate benign and malignant nodules. The widespread use of US and its low cost places it in a key position to play such a role.

The main aims for a new diagnostic classification system would be to detect the highest possible percentage of thyroid carcinomas, to be able to assert benignancy when relevant, to help select which patients should undergo FNA and/or surgery, and to reduce the number of unnecessary invasive examinations. 1.2 million thyroid US examinations and 93,000 FNAs are performed in France each year. Secondary goals would be to facilitate communication between practitioners and patients and enhance inter-observer agreement on US reports. These aims should be feasible for achievement by the average non-expert radiologist by using an easy-to-use system that is robust and reproducible.

The French Proposal: A Two-Phase Study
======================================

Standardization of US Vocabulary and Report and First Risk Stratification Approach: A Retrospective Study
---------------------------------------------------------------------------------------------------------

Various combinations of US features have been studied to differentiate benign and malignant thyroid nodules. In 2002, a combination of four features was first reported by Kim et al. \[[@b7-usg-15027]\]; it was then confirmed by other groups \[[@b8-usg-15027],[@b9-usg-15027]\]. The features included microcalcifications, a taller-than-wide shape, irregular borders, and marked hypoechogenicity; assessment of this combination was considered capable of diagnosing 94% of thyroid carcinomas. Mild hypoechogenicity \[[@b9-usg-15027]-[@b11-usg-15027]\] and, with the employment of elastography, high stiffness \[[@b12-usg-15027]-[@b14-usg-15027]\] have often been added to this list of features. At the other end of the spectrum, simple cysts, spongiform nodules, and various other patterns linked to autoimmune thyroiditis have been classified as characteristic of benign lesions \[[@b15-usg-15027]\].

Taking into account these reports, our team experimented with the thyroid imaging reporting and database system (TI-RADS) suggested by Horvath et al. \[[@b16-usg-15027]\] and found it difficult to apply. We thus decided to design our own TI-RADS \[[@b17-usg-15027]\].

The first step was to create an illustrated atlas of thyroid imaging. It is an e-atlas hosted by the French Society of Radiology, freely accessible online \[[@b18-usg-15027]\]. This atlas is divided into four main chapters: gland, nodule, intermediate patterns, and special cases. Each US feature is documented on one page, including a definition and an illustration ([Table 1](#t1-usg-15027){ref-type="table"}).

The second step was to create a structured and standardized report ([Fig. 1](#f1-usg-15027){ref-type="fig"}). Interestingly, the same goal was accomplished in the United States in 2014 \[[@b19-usg-15027]\]. Some notions seem indispensable, such as numbering each nodule and locating them precisely (right, left, isthmus, superior, middle, inferior, anterior, posterior, internal, external). Furthermore, the nodules should be drawn and numbered on a diagram. This allows the unambiguous location of each nodule.

The third step was to test the diagnostic accuracy of the system. The pictures and reports of 500 nodules in 424 patients (341 benign nodules diagnosed cytologically and 159 carcinomas confirmed after surgery, consisting of 130 papillary carcinomas, 14 follicular carcinomas, and 15 medullary carcinomas) were retrospectively analyzed, applying the vocabulary and structured report described above. All patients had been referred for ultrasound-guided FNA of one or more nodules. The score was assigned after analyzing the positive predictive value (PPV) and negative predictive value (NPV) and odds ratio ([Figs. 2](#f2-usg-15027){ref-type="fig"}, [3](#f3-usg-15027){ref-type="fig"}) of each individual US feature and of some combinations. It was a five-tier system. A score of TI-RADS 5 indicated that the nodule was very probably malignant (risk \>95%): one or more suspect lymph node(s) were associated with a thyroid nodule harboring at least one of the four abovementioned signs described by Kim et al. \[[@b7-usg-15027]\]. TI-RADS 4C indicated a high risk of malignancy (risk range, 50% to 95%): there was at least one sign of high suspicion, marked hypoechogenicity, microcalcifications, irregular borders, or a taller-than-wide shape. TI-RADS 4B indicated an intermediate risk of malignancy (risk range, 10% to 50%): there were mildly hypoechoic nodules with macrocalcifications or central vascularization. TI-RADS 4A indicated a low risk of malignancy (risk range, 2% to 10%). There were two subcategories in this score: isoechoic nodules with macrocalcifications or central vascularization and mildly hypoechoic nodules with a thin halo or a mainly cystic composition. TI-RADS 3 indicated probably benign nodules (risk \<2%): isoechoic nodules with no macrocalcifications or central vascularization. Finally, TI-RADS 2 indicated with virtual certainty a benign nodule corresponding to six different US patterns (simple cysts with no wall thickening, spongiform isoechoic nodules with no central vascularization, isolated macrocalcifications with no solid component or vascular signal, typical subacute thyroiditis: hypoechoic zone \[not a nodule\] in a clinical and biological context in favor of this disease, isoechoic grouped nodules hardly differentiated from one another, and "white knights" or rounded, hyperechoic, well delineated, multiple pseudo-nodules in a context of autoimmune thyroiditis \[[@b20-usg-15027]\]).

Two points are essential: if the nodule is partly hypoechoic, it is scored at least 4A and not 3; one sign of high suspicion is enough to score 4C. The sensitivity, specificity, and odds ratio of this version of the TI-RADS score were 95%, 68%, and 40, respectively.

The Prospective Study
---------------------

The medical community judged the first system to be fairly complicated because it comprised eight subcategories. This led our team to try to simplify it. The next version was prospectively tested on 4,550 nodules in a 2-year study that included elastography \[[@b21-usg-15027]\]. All patients were referred for FNA. The algorithm used to score the nodules is shown in [Table 2](#t2-usg-15027){ref-type="table"} and illustrated in [Figs. 4](#f4-usg-15027){ref-type="fig"}[](#f5-usg-15027){ref-type="fig"}[](#f6-usg-15027){ref-type="fig"}[](#f7-usg-15027){ref-type="fig"}-[8](#f8-usg-15027){ref-type="fig"}. Assessment categories corresponded to a six-point scale: 1, normal; 2, benign; 3, very probably benign; 4A, low suspicion of malignancy; 4B, high suspicion of malignancy; and 5, effectively certainly malignant. Three thousand six hundred fifty-eight nodules were analyzed with a gray-scale score only and 991 nodules were analyzed with a combination of gray-scale and elastography. Final results were obtained with cytology interpreted according to the Bethesda system in all cases and also with histology after surgery in 263 cases. The TI-RADS score was considered exact when its result was benign (scores 1, 2, or 3) and the final diagnosis after cytology and/or histology was also benign (Bethesda II), or when its result was suspicious of malignancy (4A, 4B, or 5) and the final diagnosis was also malignant (Bethesda VI).

Nodules were classified as TI-RADS 2, 3, 4A, 4B, and 5 in 4.2%, 48.3%, 44.5%, 2.7%, and 0.3% of cases, respectively. TI-RADS scores of 4A, 4B, and 5 represented 95.7% of carcinomas (Bethesda 6) and 91.7% of suspicious lesions (Bethesda IV and V). The total number of carcinomas was 204, a prevalence rate of 4.5% (204/4,550). These corresponded to 139 cases asserted by cytological analysis (among them, 68 cases were confirmed by histopathology after surgery) and to 65 cases diagnosed after surgery and initially classified with the Bethesda system as category III, IV, or V. The risk of malignancy found by cytology or surgery for nodules classified with TI-RADS scores 2 to 5 was 0%, 0.25%, 6%, 69%, and 100%, respectively.

US Features Included in the TI-RADS Score
=========================================

There were five signs of high suspicion, confirming repeated findings in the literature of the past 10 years: irregular shape, irregular borders, marked hypoechogenicity, microcalcifications, and high stiffness. These five signs allowed the detection of 74% of all carcinomas. Mild hypoechogenicity had to be added to reach a sensitivity of 98.5%. The specificity, NPV, and accuracy of this TI-RADS scoring system were 44.7%, 99.8%, and 48.3%, respectively.

Besides reducing the number of subcategories from eight to six, the other change was the inclusion of elastography in the list of features of high suspicion; however, this inclusion is debatable. After an initial report in 2005 \[[@b22-usg-15027]\], many studies have attempted to define the diagnostic value of elastography for the differentiation of benign and malignant thyroid nodules. Taken separately, elastography has the best sensitivity-specificity coupling for the detection of thyroid carcinomas, when compared to the other US features \[[@b23-usg-15027]\]. However, in more recent reports \[[@b13-usg-15027],[@b14-usg-15027],[@b24-usg-15027]\], the sensitivity of the method has dropped to 57%-85% and the specificity to 67%-94%.

It has to be understood that elastography can be used for two different purposes: either to raise the sensitivity, or the specificity, of gray-scale US. Raising specificity could be useful when trying to select patients and nodules that should undergo surgery after an indeterminate cytological result \[[@b25-usg-15027]-[@b29-usg-15027]\]. Regarding sensitivity, it has been shown in one prospective multicenter study that this could be increased by elastography \[[@b12-usg-15027]\]; however, other reports are contradictory \[[@b30-usg-15027],[@b31-usg-15027]\].

How can one interpret these diverse results? One approach is to classify thyroid carcinomas into two categories. First, irregular infiltrative carcinomas, harboring a fibrous component, usually have one or more of the classical four features described by Kim et al. in 2002 \[[@b7-usg-15027]\], such as irregular shape or margins or marked hypoechogenicity. These correspond mainly to the classical variant of papillary carcinomas. The fibrous component explains the low elasticity, and elastography can be used to detect this. However, the classical US gray-scale features are very efficient diagnostic tools for the first type when applied in specialized centers \[[@b32-usg-15027]\]. This type represents around 80% of all carcinomas. The second type is non-infiltrative carcinomas with a regular shape and borders (mainly TI-RADS 4A), corresponding essentially to the follicular variant of papillary carcinomas. They have high elasticity, and elastography contributes little to their evaluation. The feature that allows for their diagnostic is their mild hypoechogenicity on US gray-scale and the four classical features are of poor value. This type represents around 20% of all carcinomas.

US Features Not Included in the TI-RADS Score
=============================================

Numerous other features were not included in the TI-RADS score, mainly for reasons of simplification. However, each of these features has a true individual value that can be used in expert practice to refine the risk stratification. For instance, a round shape, an orientation that is non-parallel to the capsule, capsular bulging, or an exclusively solid composition evidence an increased risk of malignancy. In contrast, a flat shape (length \>thickness×2.5) or the presence of colloidal deposits evidence a lower risk. In particular, four of these US features were not included in the flowchart: macrocalcifications, central vascularization, presence or lack of the halo sign, and a mainly liquid composition. In our retrospective series \[[@b17-usg-15027]\], we calculated the odds ratio of each sign, which was 3.2, 5.8, 0.3, and 0.2, respectively, for those four. Therefore, a nodule classified as TI-RADS 3 has less than a 2% risk of being a carcinoma, even if it has macrocalcifications or central vascularization. On the other hand, a nodule scored TI-RADS 4A has a risk of 1.2%-1.8% of being a carcinoma if it has a halo or is mainly liquid. In other words, these features do not truly alter the risk of malignancy. In terms of comparison, the odds ratios of marked hypoechogenicity and microcalcifications were 70 and 52, respectively, far above the odds ratios of macrocalcifications and central vascularization. The other reason why we eliminated those four features was that we compared two versions of the TI-RADS score that did or did not use them and studied the inter-observer reproducibility. With the four features, on a subset of 146 patients the kappa value was 0.53 and Pearson's correlation coefficient 0.66. By removing those four features, the results of both tests in another subset of 135 patients were substantially increased, reaching 0.75 \[[@b21-usg-15027]\]. Therefore, we recommend not using those four signs in general practice, or to consider them as minor signs aimed only at modulating the indications for FNA.

The case of Doppler imaging is of particular interest because of its availability and widespread use. Traditionally, peripheral vascularization has been considered to show a predilection toward benignancy and predominantly central vascularization, toward malignancy. However, these criteria are controversial because Doppler sensitivity is highly dependent on the US machine used and because the definition of central vascularization has a low inter-observer agreement. For Moon et al. \[[@b33-usg-15027]\], Doppler imaging had no value, either alone or in combination with gray-scale imaging, whereas for other authors \[[@b10-usg-15027],[@b11-usg-15027]\], it was considered to be significant and was retained in the final model for assessing risk stratification. Our team believes that the significance depends on size and agrees that it has poor inter-observer agreement; we retain Doppler on a case-by-case basis \[[@b34-usg-15027]\]. We have shown that there is no difference in vascularization between microcarcinomas and benign nodules measuring less than 10 mm. On the contrary, the presence of central vascularization becomes significant in nodules larger than 20 mm and even more important in nodules larger than 30-40 mm. The odds ratios for these three groups were 1, 4, and 10 respectively. Doppler imaging is also useful to differentiate thick colloid from hypoechoic solid tissue, especially in mainly cystic nodules.

False-Positive Results
======================

Four different situations account for most false-positive US imaging cases. First, collapsing benign cystic nodules and scars in solid nodules after biopsy \[[@b35-usg-15027]-[@b37-usg-15027]\]: when a cyst grows rapidly under hemorrhagic or cystic transformation it has a high probability of spontaneous healing in the weeks or months following the initial increase. In this process, it will shrink and its initially oval or round shape can become irregular and taller-than-wide. Its borders can also appear irregular and spiculated and its content markedly hypoechoic. Taking a careful history from the patient and confirming a lack of internal blood flow on Doppler can help avoid misdiagnosis. FNA can still be performed; obtaining a colloid-only sample is then concordant and reinforces the probability of benignancy. US follow-up should be undertaken to confirm a decrease in size and the absence of emergence of a solid component. Solid nodules can also mimic cancer after biopsy; the scar produced by the procedure is markedly hypoechoic and has irregular borders. Investigating the patient's history can help.

The second situation is subacute thyroiditis \[[@b38-usg-15027],[@b39-usg-15027]\]. At the onset of the disease, the thyroid can show markedly hypoechoic irregular zones that can mimic a carcinoma. Again, determining symptoms of pain in the patient, examining for accelerated cardiac rhythm, and looking for elevated serum C-reactive protein and thyroglobulin can assist in diagnosis, as can FNA or scintigraphy.

The third situation corresponds to hard nodules on elastography. Not all nodules with low elasticity are carcinomas. In our experience up to 9% of very hard nodules with a strain ratio \>4.5 can be benign \[[@b21-usg-15027]\].

Finally, false-positives can occur with hyperechoic punctuations mimicking microcalcifications and corresponding to granular colloid deposits. These two entities are difficult to differentiate when granular colloid deposits lack a comet-tail artifact. Moreover, some hyperechoic punctuations correspond to acoustic enhancement in tiny micro-cystic cavities. This is more often seen with high frequency probes and has to be carefully identified to avoid improper overdiagnosis of microcalcifications.

False-Negative Results
======================

False-negative results also correspond to four particular situations. The first one relates to histological subtypes. The encapsulated follicular variant of papillary thyroid carcinomas (FVPTC) represents in our experience 20% of carcinomas but 70% of undetected cases. This is known to take the US appearance of a regular solid isoechoic nodule that may or may not harbor a central vascularization \[[@b40-usg-15027],[@b41-usg-15027]\]. During the prospective study \[[@b21-usg-15027]\], among the eight carcinomas classified as TI-RADS 3, one corresponded to an FVPTC. Despite this false-negative case, the sensitivity for the detection of FVPTC by US scanning was 94.4% (17/18 cases). In their report on 27 cases of FVPTC, Yoon et al. \[[@b41-usg-15027]\] showed that only 66.7% were correctly classified as malignant using published sonographic criteria. Follicular carcinomas can also be underestimated. In our retrospective study \[[@b17-usg-15027]\], sensitivity was 100% for the detection of medullary carcinomas (15 cases), 95% for the detection of papillary carcinomas (130 cases), but only 86% for the detection of follicular carcinomas (14 cases). Interestingly, their average size was 31 mm against 20 mm for all carcinomas; 79% were mildly hypoechoic and none were markedly hypoechoic or had microcalcifications. All of them were exclusively or mainly solid. Fifty percent had a predominantly central vascularization.

The second situation is location in the isthmus or in a pyramidal lobe. This makes it more difficult to determine the true echogenicity of a nodule because there is little or no surrounding normal tissue for comparison; these nodules thus appear isoechoic and benign although in reality they are mildly hypoechoic.

The third context is that of autoimmune thyroiditis. The thyroid gland is hypoechoic, and truly hypoechoic nodules are isoechoic compared to the hypoechoic gland and thus lack contrast, which renders them difficult to detect.

Last, some false-negative cases corresponded to mainly cystic nodules and were papillary carcinomas of the cystic variant. The solid portion of the mainly cystic nodules should be studied like a solid nodule in itself and carefully searched for hypoechogenicity and microcalcifications.

However, despite our efforts, at least 3%-5% of all carcinomas will remain unsuspected with US.

Taking into Account the Distribution of Nodules and Carcinomas: The Real Strength and Weaknesses of the French System
=====================================================================================================================

The main strength of the French TI-RADS relies on its large-scale prospective testing with a low rate of malignancy, corresponding closely to daily practice. It has high sensitivity and NPV. Compared to the previous French system, there are fewer subcategories and a trend towards simplification, which should enhance inter-observer agreement and ease of use. For further simplification, categories 4B and 5 could be merged into a single category called TI-RADS 5 (high suspicion of malignancy) and category 4A turned into a category 4 (low suspicion). When patients with newly discovered nodules are prospectively recorded and all nodules larger than 5 mm scored with the French TI-RADS system, TI-RADS scores 2 and 3 represent 2% and 66% of all nodules, TI-RADS 4A, 27%, and TI-RADS 4B and 5, 4% and 1%, respectively. Hence, very probably benign nodules are scored as TI-RADS 2 and 3 and represent 68% of all nodules. Since the NPV of these two scores is superior to 99.7%, more than two-thirds of all nodules can be reasonably excluded from further exploration, unless they present with aggressive features such as rapid growth, suspect adjacent lymph nodes or worrisome clinical features. The patient can be reassured of the very probably benign nature of the nodule. On the other hand, nodules scored 4B and 5 represent only 5% of all nodules but nearly 80% of all carcinomas. These are thus at high risk of malignancy and should be systematically explored. Their more rare nature implies that the costs involved should stay low.

US scanning is non-invasive but one of the major concerns is that it remains operator-dependent. Each of a subset of 180 nodules was successively scored in two different rooms, equipped with the same US machine, by two different practitioners unaware of prior scoring. Agreement was measured by taking into account the complete six-point scale and also by grouping scores 2 and 3 and 4A, 4B, and 5. This second procedure corresponded to the theoretical indications for proceeding to FNA. For the total six-point gray-scale TI-RADS score, the kappa value was 0.72 (95% confidence interval \[CI\], 0.62 to 0.81) and Pearson's concordance correlation coefficient was 0.73 (95% CI, 0.66 to 0.79). When considering only the indication for biopsy, the kappa value was 0.74 (95% CI, 0.65 to 0.84) and Pearson's coefficient, 0.74 (95% CI, 0.67 to 0.80). In both cases, the inter-observer agreement was substantial.

On the other hand, the main limitation is the number of nodules scored 4A: they represent 27% of all nodules. The individual risk of malignancy is low, ranging from 1% to 6% and being very constant among operators, but these nodules still represent nearly 20% of all carcinomas seen with US among all the nodules submitted to FNA. This means that there is a contradiction between the individual risk (low) and the overall risk of the population studied. Neglecting those nodules would lead to misdiagnosing around 20% of all carcinomas, which is of course unacceptable. One consequence is that the four features initially described by Kim et al. \[[@b7-usg-15027]\] are not sufficient and that mild hypoechogenicity should be inevitably added to the score to detect thyroid carcinomas. Another consequence is that studies should focus on these nodules scored 4A to determine whether it is possible to refine the risk of malignancy inside this category, probably by using other signs like composition, vascularization, and stiffness. However, introducing subcategories always complicates the system. Another possible limitation is the real efficacy when the system is used by less experienced operators. Interestingly, this problem was addressed by a report by Ko et al. \[[@b42-usg-15027]\] and received a rather reassuring answer.

Risk Stratification Is Global History and Brief Description of Other Systems
============================================================================

In 2005, Reading et al. \[[@b20-usg-15027]\] advocated a pattern-oriented approach, as an alternative to the analysis of individual features. Those authors described eight typical appearances of commonly encountered benign and malignant nodules. The true concept of risk stratification was born in Korea and in Japan in 2007 and by that time was named a grading system \[[@b43-usg-15027],[@b44-usg-15027]\]. It was qualitative, and thyroid nodules were classified into categories related to their US patterns. As in Reading et al. \[[@b20-usg-15027]\], indications for FNA were based on these categories.

In 2009, Horvath et al. \[[@b16-usg-15027]\] published the first study using TI-RADS in 1,097 nodules (156 carcinomas). The grading concept is transposed along the lines of the Breast Imaging-Reporting and Data System (BIRADS): a score of 1 denotes a normal examination, whereas scores 2, 3, 4, and 5 correspond to a risk of 0%, \<5%, 5%-80%, and \>80%, respectively. The sensitivity, specificity, PPV, and NPV were 88%, 49%, 49%, and 88%, respectively.

The same year, Park et al. \[[@b45-usg-15027]\] defined another TI-RADS in a study that comprised 1,694 patients (364 carcinomas). The value of the four major features of Kim et al. \[[@b7-usg-15027]\] was confirmed and two signs were added: solid and mildly hypoechoic, and the presence of suspicious lymph nodes. They established a mathematical equation with 12 parameters and a five-point risk stratification scale. FNA was recommended for scores 3 and 4, and surgery for score 5. It was a retrospective study, and the diagnostic efficacy was not tested.

In 2011, Kwak et al. \[[@b46-usg-15027]\] simplified the system designed by Park et al. \[[@b45-usg-15027]\] in a multicenter retrospective study of 1,658 nodules \>10 mm, 298 of which were surgically removed. The authors showed that the number of features of suspicion could be used to predict malignancy. However, as a main limitation, each suspicious US feature was assigned the same weight despite carrying a different probability of malignancy. In 2013, to overcome this shortcoming, Kwak et al. \[[@b47-usg-15027]\] suggested a new model in which each individual US sign was assigned a risk score according to its odds ratio for predicting malignancy. The risk of malignancy in thyroid nodules increased in parallel with the calculated total score (sum of each score).

In 2014, the drafts of the new British Thyroid Association \[[@b48-usg-15027]\] and American Thyroid Association (ATA) guidelines \[[@b49-usg-15027]\] on the management of thyroid nodules were issued. They both have incorporated risk stratification systems. The British system is named the U score and the American system has no particular name. They both are five-point scales. The U score is qualitative and the ATA system quantitative. The American system shares many common points with the French system and transposition from one to the other is quite easy ([Fig. 9](#f9-usg-15027){ref-type="fig"}), but the British one merges signs of very different values than other systems. Neither of those two systems have been tested, retrospectively or prospectively.

Finally, in 2015, a Korean team, Seo et al. \[[@b50-usg-15027]\], published a four-tier quantitative categorization system and suggested stratifying the risk of malignancy primarily by nodule echogenicity. The value of the composition (mixed, solid, liquid) in risk assessment was also elucidated.

In conclusion, a number of qualitative and quantitative US risk stratification systems for thyroid nodules are now being used on three continents, but no consensus on a single system has emerged.

Rationalizing the Indications for FNA and Avoiding Unnecessary Testing
======================================================================

The selection of the nodules that should be referred for FNA is based mainly on US risk stratification and secondarily on the evolution in size, but also on the context. Certain situations increase the risk of carcinoma and should be taken into account in the indications for FNA: neck irradiation during childhood, at least two familial cases of non-medullary thyroid carcinoma, a family history of medullary thyroid carcinoma or multiple endocrine neoplasia (MEN) type 2, a personal or family history of Cowden's disease, familial polyposis, Carney complex, elevated serum calcitonin, a suspect cervical lymph node or distant metastasis of possible thyroid origin.

Among these circumstances, the last four should be regarded as potentially increasing the gravity of the disease if a carcinoma is diagnosed.

Subcentimetric Nodules
----------------------

As they are practically always asymptomatic, the sole question is what the benefits and risks of overdiagnosis are versus postponing diagnosis of subcentimetric nodules. Microcarcinomas currently tend to be considered benign a little too readily, and this is probably in part due to confusion caused by the literature: in most reports, the overall survival and recurrence rates are studied independently of the way thyroid microcarcinomas are discovered. However, among microcarcinomas, those fortuitously discovered after thyroidectomy for benign diseases represent 64% of all incidental microcarcinomas \[[@b51-usg-15027]\]. They do not correspond to the index tumor, primarily investigated by imaging, and should not be confused in the discussion of incidentalomas discovered with medical imaging. In a report by Mehanna et al. \[[@b52-usg-15027]\], it is shown that truly incidental microcarcinomas (i.e., those discovered on histology) have a much lower recurrence rate than non-incidental microcarcinoma (i.e., those presenting clinically with palpable thyroid nodules or a metastatic lymph node or identified by radiological investigation). Thus, in the latter case, FNA should probably be performed more often.

In any case, the overall prognosis of papillary microcarcinomas is excellent, and their evolution is slow. The disease-specific mortality from micro differentiated thyroid cancer, when not diagnosed because of palpable lymph nodes, is indeed under 1% \[[@b53-usg-15027]\]. Ito et al. \[[@b44-usg-15027]\], who performed a study that included subcentimetric carcinomas with a mean size of 6.9 mm, found that 6.4% and 15.9% of papillary thyroid microcarcinomas (PTMCs) showed increased size during a 5-year and 10-year follow-up period, respectively. Sugitani et al. \[[@b54-usg-15027]\] investigated PTMCs with a mean size of more than 8 mm; 7% of them increased in size during a mean 5-year follow-up period. However, in a report by Noguchi et al. \[[@b55-usg-15027]\], at 35 years, the recurrence rate of carcinomas between 6 and 10 mm was 14%.

Thus, new US criteria to determine the risk of aggressiveness of small carcinomas could also be used to define which subcentimetric nodules need FNA: nodules located near the thyroid capsule or suspected of extending beyond it \[[@b56-usg-15027]-[@b58-usg-15027]\]. The risk of being a pT3 carcinoma and association with central and lateral lymph node extension is increased. Chereau et al. \[[@b59-usg-15027]\] showed that among 178 micro-pT3 patients, recurrence was documented in 7.9% and 14.8% if they were N1. Thus, micro-pT3 N1 patients are at high risk of recurrence and should be treated aggressively. Nodules located at the upper pole of the thyroid also could harbor a higher probability of lateral lymph node extension with an odds ratio of 10 \[[@b58-usg-15027]\].

For subcentimetric nodules, FNA may be indicated for nodules with a TI-RADS score of 5 or 4B independent of the size of the nodule if metastatic lymph nodes are suspected, or for nodules of at least 5 mm if they are located near the thyroid capsule.

Supracentimetric Nodules
------------------------

FNA can be suggested for all nodules above 10 mm scored TI-RADS 4B and 4A. For nodules scored TI-RADS 3, given the very high NPV of these scores, FNA could be suggested for nodules above 20-30 mm or if the context is at risk of malignancy. The remaining cases could be monitored by periodic neck US, for instance, after one year initially and then after 2 or 3 years. Complete discharge of the patient could be advised when the disease is found to be stable.

The complete flow-chart for FNA indications is shown in [Table 3](#t3-usg-15027){ref-type="table"}. What is the proportion of all existing nodules above 5 mm that would be submitted to FNA if one follows this flow-chart? TI-RADS 3 nodules measuring more than 20 mm represent 8% of all nodules, TI-RADS 4A over 10 mm, 12%, and TI-RADS 4B, 2%. This makes 22% of all nodules amenable for FNA. For the remaining ones, 11% of them \[[@b60-usg-15027]-[@b64-usg-15027]\] will increase in volume in a proven way, which in turn will represent 9% more nodules that will necessitate an FNA. Hence, following the algorithm suggested above, 22% of all nodules will be referred for FNA initially and 9% during a (long) follow-up for a total of 31%.

Conclusion
==========

Efforts by the worldwide medical community involved in the management of thyroid nodules are converging towards US risk stratification systems, which provide a high sensitivity and NPV for the diagnosis of thyroid carcinomas. Many reports have already demonstrated that although this task is difficult, it is achievable. Effort should be directed towards comparing and merging the different systems utilized around the world. This unified system should be tested prospectively with multi-center studies and also outside the specialized world of thyroid imaging using dedicated US machines.
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![Standardized report for thyroid ultrasonography (US).\
TI-RADS, thyroid imaging reporting and database system; FNA, fine-needle aspiration.](usg-15027-f1){#f1-usg-15027}

![Positive predictive value of malignancy of sonographic features.](usg-15027-f2){#f2-usg-15027}

![Negative predictive value of malignancy of sonographic features.](usg-15027-f3){#f3-usg-15027}

![Example of a nodule classified as TI-RADS 2.\
Axial scan shows a left simple cyst with sediment. The absence of a vascular signal in the echoic part must be asserted with Doppler ultrasonography. TI-RADS, thyroid imaging reporting and database system.](usg-15027-f4){#f4-usg-15027}

![Example of a nodule classified as TI-RADS 3.\
A, B. On the longitudinal (A) and axial (B) sonograms, the nodule has an oval shape and regular borders and is isoechoic for its solid portion. Mixed liquid-solid composition reinforces the probability of benignancy but does not change the score. TI-RADS, thyroid imaging reporting and database system.](usg-15027-f5){#f5-usg-15027}

![Example of a nodule classified as TI-RADS 4A.\
Longitudinal sonogram shows a nodule with oval shape and regular borders that is mildly hypoechoic (more hypoechoic than the surrounding normal thyroid parenchyma, but no more hypoechoic than the strap muscles). TI-RADS, thyroid imaging reporting and database system.](usg-15027-f6){#f6-usg-15027}

![Example of a nodule classified as TI-RADS 4B.\
A, B. On the longitudinal (A) and axial (B) sonograms, the nodule has irregular borders. It is solid and mildly hypoechoic. There is one feature of high suspicion. TI-RADS, thyroid imaging reporting and database system.](usg-15027-f7){#f7-usg-15027}

![Example of a nodule classified as TI-RADS 5.\
A, B. On the longitudinal (A) and axial (B) sonograms, the shape is irregular and taller-than-wide. The borders are irregular and lobulated. C. On the strain elastography, the nodule is almost entirely blue suggesting high stiffness. There are three features of high suspicion. TI-RADS, thyroid imaging reporting and database system.](usg-15027-f8){#f8-usg-15027}

![Correspondence between the draft of ATA guidelines for risk assessment of thyroid nodules on ultrasonography (US) and French TI-RADS.\
ATA, American Thyroid Association; TI-RADS, thyroid imaging reporting and database system; FNA, fine-needle aspiration biopsy. ^a)^The estimate is derived from high volume centers, the overall risk of malignancy may be lower given the interobserver variability in sonography. ^b)^Aspiration of the cyst may be considered for symptomatic or cosmetic drainage; US FNA should be considered for lymph nodes that are sonographically suspicious for thyroid cancer.](usg-15027-f9){#f9-usg-15027}

###### 

Standardized vocabulary for ultrasonography of thyroid nodules

  Nodule vocabulary                Definition
  -------------------------------- -----------------------------------------------------
  Echogenicity                     Anechoic
                                   Hyperechoic
                                   Isoechoic
                                   Hypoechoic
                                    Mildly
                                    Markedly
  Halo                             Present
                                    Thin
                                    Thick
                                   Absent
  Calcifications                   Macrocalcifications
                                    Central
                                    Peripheral +/- disrupted
                                   Microcalcifications
  Capsular contact                 Absent
                                   Present
                                    \<50%
                                    ≥50%
  Shape                            Oval
                                   Irregular: taller-than-wide and/or taller-than-long
  Content                          Solid
                                    Homogeneous
                                    Heterogeneous
                                   Mixed
                                    Mainly solid
                                    Mainly cystic
                                   Cystic
                                    Purely
                                    With sediments
                                   Spongiform
  Margins                          Regular
                                   Blurred, ill-defined
                                   Irregular
                                    Microlobulated
                                    Spiculated, angular
  Other hyperechoic punctuations   Colloidal granulations
                                   Acoustic enhancement in cystic microcavities
  Vascularization                  Absent (avascular)
                                   Mainly peripheral
                                   Mixed
                                   Mainly central
                                   Diffuse
                                   Resistive index
                                    Normal
                                    High

###### 

Summary of the French TI-RADS categorization system

  TI-RADS classification              Meaning                                       Main features                                                                                                                Risk of malignancy (%)
  ----------------------------------- --------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------- ------------------------
  1                                   Normal thyroid gland                          Absence of nodule                                                                                                            
  2                                   Effectively certainly benign                  Simple cyst                                                                                                                  ≈ 0
  Septated cyst                                                                                                                                                                                                  
  Isolated macrocalcification                                                                                                                                                                                    
  Isoechoic spongiform nodule                                                                                                                                                                                    
  3                                   Very probably benign                          Oval-shaped                                                                                                                  0.25
  Regular borders                                                                                                                                                                                                
  Isoechoic or hyperechoic                                                                                                                                                                                       
  4A                                  Suspicious nodules; low risk of malignancy    Oval-shaped                                                                                                                  6
  Regular borders                                                                                                                                                                                                
  Mildly hypoechoic                                                                                                                                                                                              
  4B                                  Suspicious nodules; high risk of malignancy   One or two features of high suspicion                                                                                        69
  Taller-than-wide/taller-than-long                                                                                                                                                                              
  Spiculated or lobulated borders                                                                                                                                                                                
  Marked hypoechogenicity                                                                                                                                                                                        
  Microcalcifications                                                                                                                                                                                            
  High stiffness on elastography                                                                                                                                                                                 
  5                                   Effectively certainly malignant nodules       Three to five features of high suspicion and/or presence of a lymph node suspected to contain metastasis of thyroid origin   ≈ 100

Risk of malignancy corresponds to the positive predictive value of each category.

TI-RADS, thyroid imaging reporting and database system.

###### 

The indications for fine-needle aspiration biopsy (FNA) of thyroid nodules

  Size                 Sonographic features and at-risk-or-not context
  -------------------- -----------------------------------------------------------------------------------------------------------------------------------------
  ≥20 mm               Scores TI-RADS 3 to 5
                       Simple cyst with compressive symptoms
  \<20 mm and ≥10 mm   Scores TI-RADS 4A, 4B, 5
  \<10 mm              Search for the primary cancer of a distant metastasis or a suspect cervical lymph node^[a)](#tfn2-usg-15027){ref-type="table-fn"}^
                       At-risk context^[b)](#tfn3-usg-15027){ref-type="table-fn"}^
                       Focal uptake on PET scan
                       Scores TI-RADS 4B or 5 for juxta-capsular location, polar superior location, suspected multifocality or young age patients (age\<40 yr)

FNA of suspect lymph node with *in-situ* Tg assay is mandatory.

Such as elevated serum calcitonin.

TI-RADS, thyroid imaging reporting and database system; Tg, thyroglobulin.
